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1.0 Tntroduction S

. Scan the horizon from the Tracy Pumping Plant and the outlook:isfar from clear. ‘A wet

* year in'the Central Valley-watershed once:offered the promise of:a’bountiful water:supply

- “for/farmers:on the west side:of the San Joaquin Valley. ‘Now newspaper headiines report
that'the 1.S. Bureau Reclemation-anticipates making fess that:full contract deliveries 1o -

" ‘Westside farmers,-even'in wet years. ‘This shift:can be'traced to the profound chenges -
that have taken:place in the way water:is managed-in: Celifornia. ‘New:policies, new

' ,hnpaatives,:md'newamleséhgvezcreatedsmtmemmysmﬂﬁnwinMEcmM:mginns

_of the: San Luis:Delta ‘Mendota Water Authority service area. In keeping with their
yeputation for innovation, however, ‘water managers .and:water:users:in‘the region .
_continue 1o seek out:new and creative strategies for dealing ‘with umcertainty. This
faasibility: study 'was motivated by this search. . S :.

-Qinee November of 1994, the ‘San Luis-Delta Mendota Water Authority, the Westlands
' ‘Water District, the’U:S. Bureau of Reclamation, the: California: Department of Water
Resources, the University.of California at Berkeley, -and the'Natural Heritage Institute -
have beep implementing the “Collaborative Field: Demonstrations of the Efficacy and
‘Practicality of Financial Incentives:for Water Conservationin Agriculture” project.
‘Funded as-part of the .S, Bureau of Reclamation Challenge Grant Program, these
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g:partnarthave;coﬂectiveb{:imnmed{hbw water transfers can maximize the economic
‘benefits produced by an increasingly. searce and unreliable-water:supply. ‘While the '
-integrated nature of the water distribution system in the Authority’s service area

» .

fgcﬂnatesmmmssgreatdmtmmthcpmgmmhasmmhmwdbymmbihtyw "

{rade acrosstime. This feasibility stady was initiated to investigate how openingupths -
.possibility.of inter-temporal storage within the Authority would increase themst . - -
‘economic benefits acerued by water users and water disteicts participating in-e water. -

The key phiysical requirement for.a program of inter-temporal water storage isthe
. :availebility of & water-banking site. ‘Recent work on the promise of banking weterin .

<dewatered aguifers raises the question of whether any technically and :economically
+vigble groundwater banking sites can be identified within the Authority’s:service ares.
‘This:technical feasibility report:describes the results of e suite:of analyses designedto .
.respond tothis.question. The objective af these:analyses was:10:identify locations within . .- -
:‘the.séutharity.?s.service:area;Wherefit.-ispiws’icdlb{poss'z‘biezm,cazzyzautaa{prqgram:af
- groundwater banking, .and to evaluate the physical and economic feasibility of the -

- .banking arrangement. ’ : o o .

20 Geographilc Scope

The San Luis & Delta-Mendote Water Authority provides water to-momber agensies on
the west side of the' San Joaquin Velley-and in the Santa Clara Valley. ‘These member

:zagm:':iwm-mponsibletfor:de}i_vmingzwntersto-ihe..mtaﬂfmmr}éustom.. The
. Authority’s: primmary role:is-to serve as the operator ofthe .major. storage-and distribution
worksthat convey water:tc these agencies from pumging plants located inthe Delta. The -
* unifying feature of 41l of the SLEDMWA :member agencies is:that they:coniract withthe
S, Bureau of Reslamation for-the delivery of Délts export water, the right to which is
*held'bythe' Federal Central Valley Project (CVE). = e e

. AsmnberagemmsmﬂzeSmmCMValkyscwcanmmglynﬁmmmdcuﬂom
~ ‘base; they have been relatively immuns ‘from difficulties posed by constraints on Dekta

exports. :On the other’hand, some of the agriculturdl-waterdistricts on the west side:of
the San Joaguin Valiey bear the heavy burden of decreased supply reliability. Inkeeping
wiith thiis disparity, the geographic scope of this investigation.is limited to the-portion.of. -
-the ‘west side of the ‘San Joaguin Valley'located within the Authorities service area
(Figure 1). ‘Fromnorth to south this region runs:from T.28. through'to T.228. The width

' .of the-region ranges from:two to five 36.mii" townships. The heavy black border in

* Figure 1. will be included on:a- mumber of subsequent figures included in, this report.and
should serve as @ visual reference in those.cases. “The:township and renge nuntbering
system is inchided on this figure 1o facilitate the interpretation of figures that follow later
‘inthis report, ‘Several important: physiographic features are depicted on Figure 1, o
inchuding the points of emergence of major creeks from the adjacent'‘Coast Range
Mountains, which. geperelly correspond with the apexes of their associated alhuvial fans.
‘In order to facilitate references to these alluvial fans later in the report, the geographic
coordinates-of the fan apexes.arelited m Table 4. .
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“Table 1: Geogmphlc Coonimatw of the: Apexes Aluvisl Fans
~Allvial Fen - - General:Location of Fap ApeX

“DelPuerto:Creek — T.58.R.7E.

" Orestumibe Creek T "~ T.7S.R.8E.

‘Los Banos Creek o T30S, RJIOS,

Little Panoche Creek ~ TI38.RIIE.

Papoche:Creek . .~ . T.158. R.12E.

:Cantua:Creek R - TS RASE.

Tos Gatos Cxeek Lo d T.208. RA7E.

30 Geologu: Settmg

The San. Joaqum Valley. constmrtes appmmately the southern two thirds of California’s
‘Central Valley that is bounded on the east by the Sierra Nevada Mountsins and on'the
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i’westb}":ﬂm:Coast;Range. ﬁ;’l‘:ha?Sau’J'oaqﬁinRiversand;its:m'bmarie_s,»wkﬁﬁhjoin:ﬂm
Sacramento River system i the’ Sacramento-San Joaquin Delts, drain the northemn |
;portionof.thewallgy:While‘the:southem;end-:coincidesw&h'the:closed Tulare Leke'Basin.

Between; the surrounding topographic highs, the-valley floor can be: categorized into four
geomorphiz units: 1) dissected uplands, 2):athsvial fans, 3) river flood plains and -
" chamels, and-4) overflow Jands and lake bottoms (Davis et al. 1957), ‘Within the:study
aree on the west side.of the San Jaoquin Valley, only the:first three units are of major . -
of identifying potential groundwater banking sitcs. ‘West side alnrvial fans forma
contiguons strip running nearly 200 miles from the Dalte to the southern terminus ofthe -
_ ‘vallevaithrwidthsrﬂﬁgﬁgfﬁomflesS’MQI:milefiin'ﬂt:sn.orthfto:ovcrl‘-ﬂ:milwiin'ﬂxe o
" south. The upper siopes:of west side alluvial fans are relatively steep with their
.assosiated streams incised up'to 5.0 10 feet. Lower fan slopes are relatively gentleand
\are-essentially undisescted by streams.chanmels. ‘Much of the irrigated agriculture in-the .. e
Authority’s service avea takes place in the lower fan regions. D -

‘The source: material for west side:alluvial fans, the Coast Range, are composed.of . . -
»,complgj:b'éfdldedsau&iﬁuhed,;prirmﬁbr;maﬂneiumssicﬂtamous;smdsmﬁn;;axid .
‘mon-marine Cenozoic. sedimentary rocks, the Franciscan mstamorphic assemblage, and
some igneous bodies (Jenmiings 1977, Miller et al. 1971). In:general the watersheds of the
intermifttent streams essociated with the alluvial fans (identified in Figure 1) extend o
farther into the Coast Range than drainages that supply sediment to the interfan regions in.
 the form of mudfiows and debris flows. The higher sediment transport potentislof the
‘ntermittent Streams:is associated with an increase in the amount.of coarse-grained .
. material in the-alluvial fans rélative to-the interfan regions. ‘Within:alluvial fans,

':Quatsmar;ysalluvhlm,;gener&]lymgcszﬁ'omesandylloams’éinihc;.npperzfnx};;ggionxoilom o
-and ¢lay loams:down: slope. fThezomrim;ofihs:aﬂuﬁﬁlzfansiinfﬁmztmugh-ﬁﬁth:valby :
is:generdlly underlain by & shallow water table and ;processing e High concentration of

‘Withincreasing depth within these alluvisl fans the Quaternary alluvium gives wey to.the
Corcoran Clay Member of the Tulare Formation. ‘The Corcoran Clay weas.depasited |
.across a large lakebed and can be traced in the sub-surface over:e distance.of over 200

‘miles from the Delta in the northito Kem County in‘the south. “The average width of the
formation is 25 miles, ‘The thickness of the:clay ranges form as little as 10 feet :along the
‘edges of the formation:to ‘as:much as 160 feet below the: present Tulare Lake Bed. In-
general the thickest portion of the:clay is dligned roughly with the present valley trough.

Texturally the Corcoran Clay is:a well sorted silty-clay that is markedly free-of sand over
much. of its Iateral extent, ‘with e relativély high porosity and alow permeability. -Along
‘the edges, however, it grades'into coarser material prior to pinching out, The -
configuration of the western margin of the' Corcoran Clay is:depicted in Figure 2, along
with the contour elevation of the top of the unit. :One important feature of Corcoran Clay
is that it generally curves towards the trough:of the valiey in the vicinity of the point.of -
emergence of the major intermittent streams draining the Coast Range. This feature is



2

o-

11/87/28@1 14:57 5387538747 : WEST WORLD WATER

‘PAGE

iogt pronounced in the southern portion of the Authority's service area whexe Panoche,

; zCnnrun,yandi:Los:Gatosi:Creeksilikebrdepmited.dcltas:ofmma-;gminedmatm'iaiintorﬂ;e o
'16ks associated with the deposition of the Corcoran Clay. “This feature of the Corcoran

:Clay provides for an:exciting groundwater banlnngstratcgythat is described in. gmater

detail later'in this report. | ~

Figure 2: Map of the Corcoran Clay-in ‘the Western Sap Joaguin =Vul]enyievation of _
' -the Top of the Formation and &' Delineation of its Western Margin

it vy R
s ? A ok -

‘Figure 2 also reveals that below the Panoche: Creck altuvial fan the Corcoran Cley has
 ‘been deformed into ‘an:anticline that drops as much as 400 feet'below sea fovel. As.a
result the margin of the: Clay in this area is tilted up. Below the:present :Cantug Creek fan
:apeg,'howcvx,fth:é()omranﬂhy has been structurally werped into. a Syncline that:riss to
an elevation 0f—200 f (MSL). Here the margin of the Corcoran Cley plunges
dmmancalky :townrds-the west. The condition of the Corcoran Clay bslow Los:Gatos

.85
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- :Creek alluvial fan is less clear. Heresmallsynchml structure on the western margin of
ithcclaywemtogwewayto amajor sn'ucturaltmughfuﬁhermtheeast

fHJstonca]ly qnany.of the agnculmral productmn wells mthe Authority’s service ares
‘have been perforated below:the Corcoran: Clay. ‘With'the exception of the: Firebangh
Canal Water Company, the Tranqguility Irrigation District, andtheexu'emesourheast

~ portion of the Westiands Water Disttict where clean sends of Sierra Nevada origin
comprise the bulk of the overlying. unconfined aguifer, the vast majority-ofinstalled

. water wells draw-water: from:a confined aquifer below the Corcoran Clay: (Gmnherrgand
‘Belitz 1992). Thelowerconﬁnbdaquerbelowtheclayconsmtsofpooﬁywnsohdated T

- .flood plain, deltaic, alluvial fan, and lacustrine. deposts of the Tulare Formation. The

‘ v_parentmatermlfurth:sedepomhemboththﬂCoastRangeandSmraNevada

: ?Mnuntamsundwfulethsexactongmaﬁamllocanomsdxﬁculttodﬂtemnneandthe
:em&mgepmmdmgdewmonmymmmmmmmmthe
.current configuration. ‘Throughout:most.of the area the Jower. confined: aquxferhas good
?hydrauhc oantxmutybmh]atemllyandvemca]ly

- 40 'E‘eaimm% Workpian ‘

" To.determine where andhowaquer stomge andremvery operatxom mghtmooeedm
’the Amheonty 's gervice ares, regmml scale mveshgahons into the:following topics were

Aque: physmlchmctenstws, , ' R
: §> Watcrqnahtypattemsfornnmeandstoredgmundwater,md -
> Water eonveyance constmmtsandoppoﬁmutm

) _‘The spemﬁc tasks assocxated with -cach mvestlgatwn .are desznbed im the fu]lowmg o
;sectxons o ) _— , :

253 Aquer Physienl Chamcteristm _

- ;Mapthecmentwamrtable surﬁseusmgthebestavuﬂabledataandcalculatcthc
-available storage capacity at. ;potential banking sites, o
® éDetermmzthelaieralextcrnandmntnnmyofpmnnmgwaterbearmgunxts
‘» Estimate the hydraulic:properties and: mEWn rate:of prom:smg aquer
‘Techarge/storage sites, '
- Develop:a: simple mass balance mode} of promising groundwater: bankmg sites 1o

e.evaluatehowaquerstomgemghtchangemresponsetobothnatmaland mduwd
_ .nﬂuwmdoutﬂow ﬁ-omthesystem : ,

4.2 Water Quality Patterns

Anﬂyzzwaterqualﬂyda&mthenmvegmmxdwaterandmnnporwdsmﬁcawmm |
-evaluate whether storage in the groundwaterbanlungsnevnlllzadtoamgmﬁcant
changcs in the quah’cy of: exther native or stored. groundwater,
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- At-would ‘be-most - drawn down.
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. Evnhmewhemexmesechangesmﬂcreateummptablewatqu\Mitymnmmtsﬁor

eﬁherthﬁumofwm:grommemrthspotenmlmmpwmofstored
groundwater . A

?4.3 Waur Cnnveyanee Constmints and Oppoﬂuniﬂes

"--.0' "Deszribe th.. oonstramts and. upportumtxes that . existing conveyance : strucnnes pose S

: ‘gites. A
for:storage: .anil recovery: ax _promising groundwater’ banking
.» Propose :alternative CONVEYRICO options ‘that coild remove: copsiraints -and : enhance
o '-oppomrmnes for: grmmdwatarbanlnngthlunthe Authonty g servies arca.

50, Aqutfer Physncal Charactenstics

‘ '.._,.Secnnné-ldesm'bestmstcpthatwmundertakento evalumsthﬁphysmalwﬁabﬂﬁ)"’f o

o uﬁermatemlmﬂxeAmhnntysmcemforapmgxmnofgromdwaterbankmg
."ﬁmremhsofthssemmtyhcalstepsmmaludadmthufbncwmgsczMns S

Figure 3: Water Table Eievaﬁons -
Dumag the: Fle 1998 DWR, Suwey N

The Department: ofWater :
Resources (DWR) regularly
" mmonitors'water:table:surface
-elevations across California. ‘In
._genetal,cachwallmthzsmveyls
monitored two timee per year, once . 'SDDDUD.E- v
. during the spring when'the water o
‘table is:presumably at-its highsst

"-400000. RN

B
g

_‘Owing:to the relatively long
-sampling cycle (over three .
T0onths)and potential -
_measurement crror;created by _ |

mnearby . groundwater. pumping, | ol
“-contour maps developed withthe = |-
data generally are not completely .
- smooth asis-scen for:the Fall <100000H
1998 survey in Figure 3. Data B
‘from this survey can be used,
bowever, to identify:the
_proruinent water-table:closed
~ depression: features located with
mtheAutthty’s seTvice:area. : : : - i ' 2 ‘
These are highlighted in Figoro SR Easting i(ft)

mbaodf B

Nbﬁhihg (ﬁ)

A

87 .
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Tt is important o note, however, that:the depression along the western margin of the

vallsy is persistent, ‘While the dimensions of the feature may vary with time, local

‘hydrogeologic contrals .on the feature fiksly cause to persist. Figure 2 suggests that it is

i this region the Corcoran Clay formation pinches out, eliminating the flow-impeding

‘horizon that: has caused the water table to tise so. dramatically further to the-cast. The

hypothasis is that this is the recharge: zone for the confined aquifer below the Corcoran
'iClayeand’that:a‘stmfzofqmsi-equﬁib:ﬁm:has?bcm:reached?betweenmese:depre@M_
_and the level of groundwater pumping from the confined aquifer further down the alluvial .
fans, If this hypothesis is correct, this drawdown feature offers an exciting recharge:and ' .
recovery gpportunity that is discussed in grester detail below. . L

- -zIngg'enmL:ihtiideal:aguiferrstomgem&:recoyeryim?gibnﬁwillibc:chmnteﬁmd?bya*high 5
percentage of coarse-gramed material in the subsurface. In dliovial fan systems these

: ooarse-gmm@dmatmalmgenemllyassomatedw:thsueamand ¢hannel deposits Jaid

* down during:fan formation. - As 2 rule the msterials will be more prevalent in the upper

' regions of e given alluvial fan:and in-lluvial fans associsted withrelatively lasge
.streams. ;Bothoccmencwareeassociated:svhhsthes}ﬁgher:sedimni-nanspoﬁ;potemm:ﬁ
rapidly flowing streams. ‘Figure 5 depicts:the percentage of gravel, coarse sand, :andfine -

 -sand contained within thetoo 200: f of material in the subsurface below the Authority's

' .service area based on USGS analysis.of 422 well logs. _ S '

:-:memss:i'::emma.Ana‘mis.afzt_hem:hoﬂwzgcsermmm' |

\Gravel

‘Ope:of the: most strildng =~
implications of Figure 5 is'that,
‘based on texture alope,the
-suited to groundwater banking -

- than the interfan regions. The

. ‘iocal high pointsoneach ©
- .gurface in the figure:are located
with the fans while the lows lie -
‘below interfan regions. Interms
~ of evaluating the individual
fans,the structures in:the
northemregionofthe A
Authority’s:servicearea E >
5

) ﬁ:::::.:::.;". .

- :penerally seemto comtaina
‘higher percentage of gravel. .
~ Towards:the:southern end of the
** _.gervice area, coarse :sand makes
: :W;ﬁmimeﬁ;me-'of
pattern of textural composition
suggest that on the basis:of
texture alone the northemn -

szin'e Sand

£ 3ovd R :':a:—'mvm awoM 1sam . | LPLBESLBES . BPiST IBBZ/LB/TT .



o reglons may prove most suitable for groundwater banking. A more appropriate measure . -
‘of suitability, however, may be the total percentage of coarse-grained. material. ‘Based on

‘the dats in Figure 5, the total percentage of coarse- material in the: :
‘aquifer can be caloulated. Thesevalnesmxhnwng;med eterial in top200feetof |

Figure 6' TotnB Pemnhge of: Cnane—Gmined Miaterial in the Top 200:: beinw the ..
A Amthnrity’s Ssrmee Area

- S B ‘l i Lok 1
. i \,[_ ’

400000+ R
300000 !
553 zoooaa;“
.EE" ‘ 7
| é% moaaoog o s
¢ é AR |
. ,.___._‘26‘[.__

170000
18060000
,itgoob'ob! o
2000000

sEastingf(ﬁ) |

'Thelnghestpememageofcom gmmedmdwassocmedw:ththsmstmba(:mk

dlluvisl:fan:(see Figure 2 )whcreoverso%ufthcnmenaluenharsandmgmvd The

EiLosBanosCreekﬁanalsowntamsarc]nnveiyhlghpmmgeofcomgmmad S
~ matenal, Fmthertothesou&xtheLnﬂePamchaCroekandPanoohaCrcekﬁnscomam L
o ‘%bemeZOandSO”/ﬁwamc-gramzdmatermlwhﬂeﬂwCamuaCreekandLos Gatos -

: -%kafanscontamappmmatcb'm% coarse-grained material, 1t should be pointed out,

‘however, that the prominent wat tab]edepressmnfsanmesdunotextwdasﬁxmﬁhas

-theOrest:mhaCreeLandLosBamsCreekfnns(weFigmeﬁ B
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‘The textural composition: of a region translates to several important physical parameters .
‘thatcan. be used to assess the suitability of & particular region for: groundwater banking.

_ 'The:»ﬁoﬂ;peﬂnﬁahﬂh-contrblsth&.rate:at-whic’héwat'aracanfbﬁ'-rcchmjgedtto,an.tmderlying :
aquifer through recharge basins located at the ground surface. "The specific yi¢ld contrals
the amourt of water that can be stored in & given volume of aquifer material. These
_parameters are discussed in:greater detail in the following sections. , o

5.3.]1 .Soil Permeability

‘One factor controliing the viahility:of groundwater banking is.the.ability to recharge
‘water at the soil surface. “This is.controlled largely by the permeability of the materialin
-the top 10 to 15 feet-of the:soil profile. The percent of permeable:soil within the 36 mi
.'-townships;inﬁeﬁmhoﬁty’;ssservicezamam_.s‘hown'in'?igme?.- c

_.éli?igixre f‘»7-::Pe='1:ent‘agé:ofzsoﬂ Cipesified as Permeable at a Given Location within the v
' L Authority’s Service Ares : o

W " L

400000 N
:300003?‘_
';ZOO.GOQf

-n,ooooog ’

Noithing (1

100000

While hey encrlly-containless coarse grained material, the Little Panoche Cresk,
‘Panoche Creek and ‘Cantua Creek altuvial fans are comprised of material that weather:to
- moregpcmmmessoﬂ%hoﬁzons%thm:those-infthe:norm. In:thgamidefaniregionrofthese

g8 3oVd o M3lVM GWIOM ASEM . .PLBEGLEES . GHIST  TEBT/LB/IT -
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- structures, dll soil is classified :as permeable, greding 1o somewhat less permeable o
‘material in the fan apex and valley trough regions. "Even:in these zones, howsver, the

pmmeofpeﬁmbhmdmagrvmhmtmngmmyequalsormeedsthmfomdni
otherpanofthesemmarea. S

5.3, 2 &Jacgﬁc }'ield

Thespemﬁcyxelﬁofmnqmﬁermamasureofthsvohmuofwuterﬁmcanbestored
‘within 2 unit volume of aquifer material. t:is related to the overall porosity ofthe .

nateridl and the ability of the material to retain water with the material matrix. A ,
‘mateei] with & high specific yield offers a large potential to store water within the o
unsaturated zone. Tn general, coarse-grained materinls have 2 higher specific-vield. The
:es&mmtad spemﬁcyleldmthmthzsenmmamdepmedemures

Flgm'e 8' Es!imated Aqn!fer Specme Yieid within ‘the Authority’s: Sewm Ares

Noithing (feet) R

(Onee agdin the highest values, in.excess: of 018, are associated with the Orestimba Creek
:aliuvmlfnnwharethepememagcof gxamedmtmahslnghest Outside of this
: znnehowever,thepammtmranges{omah}ghofﬂ12tnainwof008 The overall
' =m1f0mnyofthespecxﬁcywldsuggcst5thatﬁmmﬁhemnstmpoﬂammm :
tcrmsofmessmg sunahlhtyof&speciﬁcsrte ' _

12
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6.0 Wateernaﬂ,ty.Pattemsi .

The United ‘States Geological Survey: jodically compiles -wai .quality measurements.

in the Central Valley, . A number afoowm r?;ortedmt?hesedatabases,although

ot every well.is tested for the fill suite of constituents. One paramster that is reported . -

for nearly every well at.svery sampling interval is the Electrical Conductivity (EC).of the . -

well water. EC is a meagure to the case at which water conducts and electric. current and :
 it'oan be:measure.in the field using a simple and relatively inexpensive probe, This . . . -
mndgcmnge_zis%certm related to the concentration of djssoived?imﬁé-solids?but isalso a2 |

finotion of the vaknse 6f - pygyre 9: Relationship Between EC and TDS foe Wels within

‘the dorminant:ions in. iV
solution. Fora given the Authority’s Service Area - -

concentration oftotal - [ -
‘dissolved sofids (TDS) the | 6000
EC will'bc'higherina S
solytion dominated by Ca¥* | . 5000 :
cations that one dominated S
byNe"™. Ingeneralfora |  4op0 -
givenwater, TDS=AEC) | &
where A is:a coefficient that
pgencrally lies between 0.54 ¢
and 0. 96 for natural waters
(McCutcheon et al. 1993). 2000 -
Forthe 121 ;groundwater ; A
samples from the San Tuis . 1000 - i
‘& Delta Mendota Water A
Authority whereboth BC g
coefficient vahe 8067 - o . 2000 4000 6000 8OO 10000 |
(Figure 9), well withinthe . EC{mmhosiem)
 rangeof natural waters. ¢ o : :

-Q.Givenzi&;_'gédaws-ofﬁt.;oﬁthis:xemmm,;asvﬂue.Ofms-m.Mmm R
-well:where only EC-was: measured. E?I?hissdata'wereithen;sgpamtedzmg_;mlsggﬁ.omzms SR
maanﬂnedsaquiferélocatedzabove;the@Comomnicxay:an‘d- wples from the confined

TDS = 0.6722(EC)

{(mnghh)

3000 -

L3

aquifer bslow:that umit. ‘The spatial distribution of water: guality within thess two ' o
aaq\iifarsiis.dzpicte&éin?f’igureflﬂ, According to Figure 10, :at-any particular location n the *
,Amhority:s:tvioevateagzthe-suitabﬂitysnfggroundwaier:forrusaeaslizﬁgaticn'wateriis _
_generally better in the confined aquifer ﬁmnimzthz.overbiingemmﬁﬁmd’:.aquifer. The
primary | ;on is-on the eastern margin-of the ser 'oesa:ea:zt:aemﬂ}m‘xg:of
approximately 100,000 f. This-arse coincides roughly thhthe'l‘mnquimy area where

the unconfined squifer is contzined largetly within sands:of s 'Sierran origin. iLowgf::leva]s
:of.dissdhredziions:than:d:positsétypicélly charactanzeﬂm:natemalsﬂmnthosewnh C
parent matezial from the:Coast Range Mountains. The-generalreliance upon the
unconfined aquifer for supplemental irrigation water ig largely related to:the differential
inwater quality. » . L -

'._:13

4} Lo 39vd : v dILYM QROM LS _ Lvasss_aaes ‘GP33T  TEBT/LB/TI




Figure 10: Groundwater TDS within the Aﬁtﬁoﬂt_y?sf Sewiée /Area.for:the
: éUneouﬂued‘.(A)-zan‘d‘:Cox‘rﬁnédfjfE).Aqnifer.'s,ystems :
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| 'Ik - mﬂ:mmmiongmgm&' | Figure ?E?I:E'Sﬁrﬁge"zwﬂerf{fbs Measured atthe
drawn from Figure 10is thatthe - DeteExportPumps

 Authority’s service aree.isTelatively | 700"
poor. ‘When compared with the 1 o0
‘quality of weter that isimportedto | R
ﬁ::region:through%ﬁleiDeh&;pgis = 500
(Figure 11), the implication is s
1 e ‘:

(=]

H

surface water banked
gervice area woukd experience:a
deckine in'water quality. ‘Over the | '
*_course.of the current water year, : 200
TDS measured 4t the Delta export - L
. .pumps has varied between 200 and 10071
600 mg/l. Th:sy;'oatu:rdquallt)'s L o4 ) - - i .
superior to that founC @ L 5P0/29 B26/E8 12/8/9 3/15/00 672300 10/100
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7.0 ' Water éConvgyanée:anstn'ﬂEntssand=-lﬂppomnities

'?Insthég genera! formulation ofan anttvegmmdwaterbankmg pmJect, water is conveyed fo,
the recharge site via surface water-delivery infrastructure and is recovered and delivered

to.end-users by re-introducing it o the same delivery system (Figure 12). Another type .

:of‘groundwateﬂmﬂking;programzréﬁesvon:in.-ﬂeu:exchangesswhcrﬁ;yssurfnc:wntzrlis )
. delivered during ‘wet years to water ussrs who:typically rely on, groundwater pumping for
-some: portion:of their supply. “The forgone pumping:is. copsidered to be banked .
_ggonndwaterfthazicanibsremvcmd‘hyiﬂws‘::M'mn@:mmﬁimmmém
 .during dry years (Figure 13). ‘Both of thess operational strategies: create;potential -
' ;;pro.bkms?in;porﬁonssofztheAu’thntity’-s:serﬁce:m& o

Figure ?12:;Scheméﬁeﬁkgpmenmﬁuneo‘ﬁ‘ fG-mﬁndwateréBaﬂking’s‘EJnﬁer; én .-Ajctivée ,: '
- ‘Storage and Recovery Strategy » : o

3 .o
S
-recharge b

: ',,“" 11
. F_: waterteble .,

JR ~ I S

L . SRR :'4 R meteatonbs e rmrnmdumter analite: Fionree 10.omd 11)
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facilities, As groundwater pumping €Xerts an import hydrologic control on the volums of
drain ‘water generated within the service area, an inJieu recharge program based :on an
increased application of imported surface water would likely exacerbate existing dramage
“problems. Elnme@ngzthesreﬁmce-on:pmnped_.gromxdwatzt:during dry years could, onthe
other hand, assist in reducing drainage volumes. ' o
Figure 13: Schematic Representstion of Groundwater Bepking Under an fr Liek
o ‘Storage and Recovery Strategy ' '

= S mirfes WA ol

o e o o W 3 S st L s Mhaibadbaiintaiiaddieg ;

zg-.-._._.-_._-;..- SO P

“wetveRR DRY YEAR

'Em-wﬁquesset‘:af:condiﬁon@in‘me:Authori_ty.’ss'-senrice-.am:creatc-ande'qpportunity:to :

‘design & hybrid-opsrational strategy that would avoid the ‘problems :associated witheitber

a-purely active or purely in.lieu strategy. "This program would work by using the existing

‘Sem’ Luis:Canal and-new spur facilities 1o convey avzilable water to rechargebasin -+

overlying the closed: depressions on the-western margin of the valley below the Little

‘ ‘Panoche, Panoche and Cantua Creek aliuvial fans. These depressions coincide with the

‘ -zmc]mgc;zqnﬁ:oﬁh:s_mnﬁned:aquﬁ'erbslowtheéCorcoransClay;sozthatfactive*rechaggev .
.woulld result in s rise of the piezometric sucface beneath the service area, This:rise - would

- gllowfor-enhanced groundwater;pumping during dey years:in:2 mapmerakinto.an i Jiey

* exchange. If this higher level of pumping could be maintained in'such 2 weythat the
piezometric surface doesmot experionce any drawdown in cxcess of that associated with
.current levels.of pumping then the program wotild. directly improve the relizbility- of
groundwater supplies, the central feature ofan in liex program. Lo

‘In order to:investigate the feasibility: of this approach, a-classic analytical solution to-2 ,
" confined aquifer flow.problem was invoked (Chan et al. 1976). This:zolution describes
the spatial and temporal response of the piezometric surface within a rectangular non-
Jeaky, homogeneous, confined aquifer:in response to .pumping from & single well at a

* ‘knownJocation. A"It:shauldfbe;poim:d-oute.thmvanalytical:sohxtim_s'typicélbrapplym:very
- stylized aquifer systems that geperally depart from natural systems in & number of ways.

Tn the case of the confined aguifers located below the: Corcoran Clay within the-alluvial
.fans of the ;westem‘San Joaquin Valley these:departures include: -

o Thefact that thase:aquifer are not rectangles with no .ﬂo:w.- conditions elong the
‘north and south margins, , : ,

16
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e Thcﬁwtthatthahydraxmcpmperw\mthmtheconﬁnadnqusraxenot

‘homogenscous, and - '
s - 'The fact:that the Corcoran:Clay does: nut chmmatc leakance from the overlying

. unconiined aguifer system.

“e The fact that pumping from confined aquifer dow-nat-ocmrft}mnuglyg:gmgle:wan e

‘Fven with these simplifying assumptions, however,: Chan’s analytical solunon aliows for
:aprehmmaryscmenonthefeasibmtyo inheurecowryprogrammtthutbomys -
service arca. Shnuldpmmmngmﬁsnmhvaﬁcanmtermtmmomrzﬁnedamiysm,the

-focusofmvesugatlonwould sinﬁto mmmcalmo&ehngofthcaqu:fer systemthatlsﬁ'ee o

.]nthe semccama,clmnssolutmncmbeﬁ)mﬂatedto deszrﬁwmeactualsmmumas
depwtedelgmM .

Figmre 14z Schemahe Repmenmtmm of the. Applieatzon of the: Chan Sulnthm to. ﬂle
. : Westem ‘Ban. Joaquin Valiey

— 1 Valey Trough

‘Western Valley: Miurgin, 1

.Analyms conducted by the USGS (Belitz and Phillps 1992) conﬁm:sthat the pmzomstnc
gurface in the confined aquifer does:slope towards the: ‘western margi of the Sen Joaguin
Valley, Figure 15 depicts the 1984 position of the piezomstric: surface in the vicinity of
= "thaLﬂﬂePamcthreek,PmchsCmekandetuaCreck alluvmlﬁms alongwnha
smgxessxonlmeﬁ:tothereportcddm o _ o _

17
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iFigﬁr;e 15: 1984 Piezometric Surface Elevation within the Little Panoche - Creek (A),
" ... . PanocheCreék (B).and:Cantus Creck (C) Alluvial Fans
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C

“In each of the alluvial fans the Jowest piezometyic surface €levation is:located near ‘the
western margin of the San Joaquin Valley and is firly well associated with the low water
1sble elevation inthe target closed depressions. Maps of these closed depression
_constructed from 1984 water level date revealthat below the western margin the water
‘table elevation corresponds fairly well with the elevation.of the peizometric surface

(Figure 16)

. The correspondence supports the hypothesis that these depressions serve as

the recharge:area for the confinad aquifer located below the:Corcoran Clay.

18
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‘Figure 16: 1984 Configurstion of Water Table Depressions on ‘the Western Mnrgm

.qﬁ‘;the‘:;Sﬂnr:Ioaqﬁin ‘Valley .

X i 1 1 1 !
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so0004 |
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-100000 —— -50ft

T osof

ioof L e

©'Low Water Table Elevation
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]
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- The operational strategy under evaluation using Chan'isito yaise the water iable elevation
‘in these target depression through active recharge, thereby raising the piezometric surface
described using the regression model across the entire alluvial fan as depicted in Figure
15. Heving made:this adjustment:it is possible to calculate how mueh pumping  could:be
.enihanced while miintaining :a Similar level of well drawdown as projected under:theno

4500001

600

4800000,
1950
2050000
2460000
2150000

The Chan solution is captured in the following equation. - Here the drawdowr at -any x,y
.point in & rectangular confined aquifer at time 1:is calerilated as e finction of the location
.of the pumping well, the pumping rate, and the hydrenilic properties and geometry of the
aquifer. The solution js.obtaimed in the form of summatjons over two infinite seriesm
.and n. T ‘ . :

EECTRN

12
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| rs(x,y.r)~_—~+ _2 :me,gl) osblar (b -Iﬂ'—-é%l)]drwsfﬁ[a,;(b -n+9)}-
exp T a 2t1S '
s ang » )ﬂ-( wr%r8)=

' ) 5@( Ty,n.nt/'g)

. | ab’[ ;; 7 (am!x35k(ﬂn!y!q)

where

o= wel! pumping rafe

.§ = drawdown '

8= storage. coﬂ?eieﬁt -

T = transmissi vily .

: :5,17 =,y coordinaies. of pw@ing well
=length of confined aguifer
Eb = width of .confined aquifer
h=di ﬁ“erenae in pzezametrw ﬂnface across: aquifer

gy =

o nT
-z
‘.?’"’,r—ja +ﬁ“ .

';a(a,,,,x, )=sm(rz I)Sm(am5)

»c(ﬂmm)=ws(ﬁ,y)c°8€ﬂm)

'I'hrx 0ajor- ::hallcnges confront the apph.atmn of th:e Chan solutmn m tha westem San
_ :Joaqum Valley. "These:include: : : _

1. Deﬂnmgappropnatevaluesforthehydmﬂmpmpeztms

2. ‘Defining appropriate rectangular aguifer geometries, and :

3. R:sohdngthedismhmdnatursofpumnmgﬁ:omtheconﬁnedaqmmrontoa
representaﬁvepumplngwelL

“In terms of the hydmuhc properties, the valuss. of concern are the trans:mssmty @]

expressed'in %/day and the storage coefficient (S) expressed inft/R, orasa :

.dimensionless parameter. ‘Several authors have attempted to quantify these numbers for
' the confined aguifer below the western San Joaquin Valley. ‘Williamson (1989)

.evatuated the texturs and thickness ofﬁmconﬁnedaqusfcrandmsdeﬂmfollowmg

estimates ofhydrmlim pmpemas

20
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Assume; the hyiraulic conductivity of coarse-grained material in the confmed aquifer is
31.1:f/day (equivalent to K essociated with:sands .quoast Range: origin). ' :

7776 £2/day
31,968 #2/day
19,008 */day

T
Tonas
' Tnvmp ‘

R

Assume the hydraulic conductivity of coarse-grained waterial in the confined aquifer is
1037 fddayA(eqnﬁvalmnrwiKzassocMedM&th-:Sienan-sands). '

25,920 f2/day
106,272 . R¥day
63,072 Rday

ibon

| ;Asmmz.me'michmss.ufihz-wnﬁnedaquifer:is_sappmﬁmatelyllom}fﬁ:acmssitherwcstm :
. :Sanjoaquin‘v.alls,y. : _ _ _ _

§ = 0003

‘The values .pmvidera-range:oﬁappmpﬁate vaiues for usein the Chan solution applied
within the Authority’s servios area. o . .

. ‘Jn-terms of defining -appropriate rectangular geometries for the application of the Chan -
_solution in-region, an attempt - was made 1o ‘model the: area associated with:the:major |
alluvigl fans in'the region - with where propounced. drawdown features existonthe .~
western margin of the vallsy. ThescmludethePanochzandCanmCmekams .
?Ractangulareaquifers.thatsapproximate;he'ccnﬁnad-aqiﬁferszbeloWéthssezfaDS:m;shown' o
. nFigme17. B

Figure 17: ?Emﬁnxﬁ of Chan fsnimﬁon‘sj&pp’liédﬁinéthé Western ;Simn-ﬁoaquim Valley . i

21
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‘The dimensions.of these:

* .f) for.the Panoche Cresk
.Cantua:Creek Fan. The transects of 1984 piezo

1ie roughly along the center of the long axis of'cach mo

" the drawdown features extend beyond:the lateral Timits of the representative:
 aquifers, "The implications of this fact are discussed below.

5387538747
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rectangular aquifers are 19 miles x 10 miles (1003208 x 52800
ai:and- 15 miles x 10 miles (79200:£ x 52800 §) forthe
metric surface :elevation data in Figure 15
del. ‘It should be pointed out:that

I termsof resolving distributed pumping in the region onto & representative pumping

‘well, & series of reports published ‘by:the USGS provide useful insight. In developing a
finite difference groundwater model in g portion of the Authority’s service ares,
:imh::iingthe’fl;itﬂcﬁl’;mhs,?anocb:,:and‘CanuwCree}k:M:ﬁn&ithcsdonminzoﬁthe ,
mods] was delinsgted into-distinet water management units (Figure 18), Foreachofthe .
uniits, Groziberg and Belitz (1952) carried out:an-annual mass balance in order:to calculate

-the level of gro

’zresult's.v_ g

undwater pumping within each unit. "The andlysis: generated the following

Hinit Name

A Wnit#
S

;éFhebaggh

|- Groundwater Pumpage (fi) -
‘ 00 - -

. 3‘6

| Tranquility

03

8

‘| ‘Panoche

0.0

9

|| Broadview

00 -

10

| 'Saxn Luis

0.4

1ls

| Westlands WI<10

04

11b~

| Westlands 10R<WI<20ft

046

Jlc.

| ‘Westlands WT>20 £, with surface water v

10.25

1id

.| 'Westlands WTI>20:f, without surface:water

240

LD

12

[ Mendotz Wildiife Refuge -

These values were used'to zcaﬁlculaie;pmhmeloads thhmthreeregmnseorrespondmgto -
.the upper, middle and fower thirds of two rectangular vonfined :aquifers-associated with

the' Panoche:and Cantua Creck
the-following table. o

ik aliuvial fans (Figure 17). These values are-coptdinedin

. Bease Groundwater Purnping (acre-feet/year)

| ‘Modsl

UpperFen Third :

Middle Fap Third

Lower Fan Third -

Total

Panoche

25280 - -

13293

7834

46407

{ :Canfua

23558

11072

12378

47008

* These pumping loads where fmposed on three representative wells pumping :at the
~ -confined aguifer where the: difference in the piezometric surface n the confined aquifer,
- h, was derived frorm the regression'line: fit to:the 1984 data (Figure 15). ‘For the Panoche
:Creek: solution the value of h:was set:to 163 £ while in the Cantua Creck case, b-equals
167:ft. A base case solution was.obtained by imposing the existing pumping on the

-confined aguifer with the estimated piczomestric surfaceco

‘predicted long:term pumping well drawdown.

7

nfiguration and noting the
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Onee this drawdown standard was achieved the value of h was progressivély reduced to
‘approximate the case where recharge wa:crﬁllsthzdepmsmalnngthewestemmgms
.of the:Sap. Joaguin Valley (Figure 16). As:this-.is‘presumnbb'_the;rech?xgezonc:fprihe}
confined ‘aquifer, this filling should translate to e rise 'in'the;p{emxx_letnc surihce at the
western margin. For each now configuration, ‘the Chan solution yiclds:an estimate of the
level of pumping that could be:maintained while sgcnzratmg.xh:z-saxm';long-te@:.dmw- -

down at the representative pumping wells:as in the base case. Thedlﬁ’mem mthe
' potential pumping levels ropresents an estimate of the enhanced level of pumping that

‘could be achisved through an in leu recovery strategy in these portions of the service
area. :

: %Figuré 18: Delinention :osttériManagemeht Units in: the Western San Josguin

: : ' Valiey for Mass Belance Calcuiations ‘

-§2@° 48 : Aggeger _ 12ge)s
R . ! o
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€ Teamul L1ty 7267
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‘f Brosdvies. R 7

10 :Scz: Lyle-

. ‘Wegtionds . T

Depth te . woler qeble "' .

4 1le Leaz thos :or -sgual ‘3o 10 fee

b '%;.:i‘rﬁmth.ll!?r ~—1l?qu.; B-&a‘%zuai i
‘Greeter :Thun 28 :¥evt : .
1ic w1 th :apr fece—eclor -dollvery

Aid mithopt surione—watee -de!llivery
12 . Mandots Wi 1di 1'fe :Refuge o
| _ EoWmMbARIES . ' %
|| 7 Veliey daposlie
| — By Orea
| m—Gubares

1 e

w5 '1‘9;&&!5

| ® B HOREOREVERS ,
Figures (19) and (20) present:the resilts of this analysis. The reveal that as the valus of
the transmissivity increases, approaching the maxinmm vajues reported by ‘Williamson

23
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* (1989), the ability to increase the jevel of groundwater pumping -u‘rithcm exuwdmg the
Jong-term pumping well-drawdown associated with the base case1s y
-increased. E:Inaddiﬁon;ﬂte'potenﬁal;for;mmiping:enhancemnt.is-:pmportionﬂ:to therise
in the piezometric surface on'the western margin of the vallgy. _ o

‘;Figuref@': ‘Reetji‘lﬁs 'offtheiChan-,Sointlon for the Panoche Creek Fum;Showingfth'e ) o
‘Potential to Increase Pumping a0.s Pupction of the Aguifer Transmissivity and:the .

- . Rise in the Piszometric Surface on the Western Margin-of the San Joaguin Valiey o

200000 -
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 Figure 20: Results of the Chan Solution for the Cantua Cresk Fan Showing the -
- zPotenﬁﬁi.ttnéIncmse;PmmpingsnszazEunction-nféthe.sAguifer‘;'Emnsmimﬁvit.y.snndsthe o
.é}Rheéim-:thﬁikimme#ﬁe.?Smn‘fnue:on";tile'fWea'tem Margin-of the Ssr. Joaguin Valley
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According the Chan sohution, there is.2 substantial potential to enhance the in liew :

recovery. of groundweter from the. confived aquifer by raising the piezometrio surface -

.along the ‘western marginof the valley, particularly when the transmissivityds.high. =~

‘Under the most optimistic assumptions regarding these'two parameters, pumping imthe .

‘two mode] domains could increass by nearly 360,000 ac-ft/vear without generatmg Jong-. . .~
" term drawdown in excess of that essociated with the base case. - ' S

“The most ambitious assumption is that the piezometric. surface along the western:margin.
could'be raissd to the point-where the slope of the surface goesto zzro (b =0). The
configuration of the existing depressions and the amounts of water required to fill them
will certainly constrain the degree:to ‘which b can be reduced. . In order to evaluate this.
.copstridint, the:storage volumes in the depressions depicted in Figure 18:at varying levels
of filling were calculated assuming & specific yield vahue. of 0:08 (Figure:8). ‘These -
figures revesl that the vohums of water required to fill the depression up to:the: point .

. .where the slope of the piezometric surface is efiminated far exceed the volume of ,
enhanced in liew recovery that would ‘be'available, There is-a physical Timit to how:nmuch
in Tiew recovery could be enhanced by active recharge of the depressions on'the western
-margins of the valley. Informetion contained jn Figures 21 and 22:yields & rough e
-estimate of when & groundwater ‘banking program might experience severe diminishing - -

‘Prior to developing this estimate, however, a frank asssssment of the limitation ofthe
dats’in Figures 21 and 22 must by presented. ‘In-essence, these figures: contain the results
.of two separate suites of analyses, ‘the first related to the potential for-ephanced pumping .
(Chan solufion) the: second related to ‘filfing the depression features (geometric analysis of
water table data). These: armalyses are not finked. ‘The Chan solution assumes that the
‘water nreded to maintain e more gently sioping: piezometric surface is:continually - -
-availsble while: the: geometric analysis assumes that all recharge water:goss towards.
' filling static depression features that are immune from losses:associsted with pumping:in
the system. .As such, both analyses:offer optimistic asssssments of the potentialof - - :
.groundwater banking in the region. These can be refined only by devélopimg: e numerical
- .model of the: region:to assess the dynamic interactions between active recharge and.
‘erihanced pumping under e variety of storage and recovery strategies. :

That being said, however, the preliminary analyses conducted here provide a:sense of'the
:scale of program that could be contempiated. The point where the required fill volume
dramatically diverges from the potential for enhanced pumping represents e firm upper
fimit on thepotential of 2 program. These:points of divergence: ate presented below.

: : __Point of Div, ca (acre-fest)
‘Transmissivity (f*/day) ] - . ‘PanocheCre¢kFam = “Camtua Creek Fan
- 5000 : 1100 ‘ . 3400
10000 : - 2800 . : 3500
20000 : 8500 . 10,000
- 40000 i 24,000 : 29,000

- 25



11/87/2881 '16:45 ‘5387538747 -WEST WORLD WATER | ‘PAGE 19

DRAFT

F:gnre 21: Comparison of’ the Potentislto Enhance fn Lieu Recovery of Banked
:Gronndwater. in the Panoche Cresk Fan by Raising the Western End of'the,
lemetric Surface 2nd the Water Reguired to Raise the Bottom of the Depreuion )
OB theWastem ‘Margin of the San. Joaguin Valley L
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| —~— addition pumpage |

_ T=5000 _
.--.-&—additlunplmpagﬁ ;
T=10000 . HE
——addiional; pwnpage

: T=20000

|| ——additiorst pumpaga
Al T=40000 ._
—-r-addlbumlpwnpaga
v 7-80000

‘athith elavation In deprosalon ) |

. &w:( - - T - : T ’
‘0 _ ‘300000 - 800000 :§00000 -
voiurm ufwlnr(ne-n)

Fxgmre 21: Comparison of the' Potentislto Enbance.fn Liex Recovery.of Banked
‘Groundwater'in the Cantus Creek Fan by Reising the Western End:of the :
Pimmetrie Surfece and the Water Reguired to Raise the Bottom :of the Depression -
g on theWastem Margin: of: ﬂne Sm ‘Josquin Valiey .
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" It should be; ‘inted:outthatﬁ'Pamchez-Cxeek.mduCant\{a%Cmekfmdels umdmthc |
depression features. Much of the depression associated with the Panoche Creelsolution
 actually lies-outside the Panoche Cresk modl below the Little Panoche Creek Fan. The
same. can be:said for theCantunCreeknmdelwhmthzdcpmonfmtm extends quite
far to-the south (Figure 16). “While the calculations of fill volumes qchde:mc'W» o
required to raipe:the water Jevelin these fregions;-tbsfhwo:c_ihanzsothm:'do ot sccount
for the erihanced pumping that could take place down fan in these regions. Assummg
that we could reasonably - double the area where enbanced in 'ligurecqvm,‘y.:uﬂau_ld be
managed, then the:total reasonable upper fimit -on the program m the Aumqr_;t_y’:s servics
ares would renge from: approximately 5000 acre-fest/year if T equals 5000 f/day to
roughly 260,000 ecre-fest/year i T equals:80,000 f4/day. The lower limit is not very
‘attractive at face valus, sven less so given that is must be dxscoumedzfonhel L
provide & significant improvement in the relinbility: ofwaterssu.pphes. m'the_Autbpmy 'S |
serviceares, Ths true potential of the program will emerge-only from further refinemsnt
‘of parameter estimates in the region and the application of 8 more dynamic analytical

:8.0:Conclusions

“The San Luis and Delte'Mendota Water Authority Service Ares poses & umique set of
.challenges to thoss who would comemplate implementing e program of groundwater
“banking iie: the region. The. generally poor. quality. of the region. groundwater system
.combined with constraints placed on:the introduction of poor quality - water:to:a - e
~ -conveyance network that the Authority sheres with other beneficiaries limits the ability to

-design e classic active: groundwater. storageand recovery:system. The Authority service
:areg is:also fairly unique in that the recharge zone of'e confined aquifer that provides - -
-substantial water supply:to the Authority’s customs is faitly-accessible from existing

- -conveyance facilities. ‘This set.of factors offers the possibility to:design a:groundwater
“banking program that:combines active recharge supplied by conveying existing Delta
supplies z'thmugh:sharedsinﬁastructuxetto:rechmgev;ponﬂj just up-siope .of the San Luis
:Canal-and ir liew recovery through managed groundwater pumping across the alluvial fan
:surfaces down-slope of the canal. . : ' :

This type of program could require extending:the mandate of the Authority beyond the -
‘Toavagemsnt of surfice water alone. If the goal of the Authority is to enhance the: overall
rehnbﬁxty of water supplies for its customers, the strategy presented here can improve :the
eliability:of the important groundwater component of water balance in the region. “The
‘value .of this reliability in economic-terms.is the subject of a.companion paper, Designing
an institution:that can extend its mandate to the-management of groundwater will also
pose:challenges, although follow-on work: proposed for this ¢ffort shold provide 2 useful
framework for working out appropriate details. ' _ o :
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